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SOME CELEBRATED LONG-SPAN STONE ARCH 
BRIDGES. 

THE longest single-span arch ever constructed is 
how being built over the Petrusse Valley, at the ex
pense of the Grand Duchy of Luxemburg. It will 
probably be opened in the spring of 1903. It will have 
a span of 275% feet. The roadway will be 144 2-5 feet 
above the Petru sse River, a small brook whose deep 
va lley separates Luxemburg from the site of its new 
railway station. The arch will in reality consist of 
two Jistinct parallel bridges, 19 feet 7 inches apart; 
the foundations of which will be of concrete. The 
vihole plan of construction is novel. The roadway is 
supported over the spandrels by four 17%-foot semie 
rircular arches at each end, and beyond the main 
275 %-foot arch are two 70.8-foot arches. The total 
width of this bridge between the parapets will be 5 2% 
feet. The stone, which is said to be of excellent 
quality, is furnished from quarries in the immediate 
vicinity, The materials to be used are approximately 
as follows: Masonry, 776,952 cubic feet; wood for 
scaffoldings, 28,252 cubic feet; metals (iron, zinc and 
(:ables), 45 tons. The cost will be about $270,000. 

In connection with this matter it may be of general 
interest to note that, leaving out of consideration the 
jJridge already alluded to, the longest one-span arch 
now in existence is the one known as Cabin John 
Bridge, near. the city of Washington, which has It 
span of 220 feet and a rise of 57.26 feet. It was pro
jected by Brigadier-General Montgomery C. Meigs as 
a part of his plan for conveying the water in pipes 
from the Great Falls of the Potomac to Washington. 
The ravine crossed by this bridge is known as "Cabin 
,Tohn Run," named after an old man who Jived on 
the banks of the creek below. About six years were 
occupied in its construction (1857-1863). A larger one
span' arch, no longer in existence, was built by order 
of the Duke of Milan, over the Adda, a tributary of 
the Po, at Trezzo in Northern Italy. It had a span of 
251 feet, a rise of 88 feet and a thickness of 4 feet at 
the crown. It is said to have been demolished in 
1427 by Carmagnola, an Italian general. 

of the process are unknown; facts to be borne in mind 
by the reader. 

Enameling is frequently confused with lacquering, 
and, in many cases, the parts of bicycles said to be 
enameled are really lacquered. The constituents of 
lacquer are entirely different from those of enamel, 
the surface, when coated, being softer, although pos
sessing a luster equal or even better to outward appear
ance. 'With ordinary care and attention an enameled 
surface is, however, infinitely more retentive of its 
finish; but its usefulness is confined chiefly to iron, 
steel, and copper, and ceramic manufacture, while 
lacquers-frequently called enamels-can be largely 
used in decorative art on woodwork. The enameling 
industry is divided into the following two sections, but 
there are several sub-divisions: (1) Artists' and jewel
ers' enamels; (2) commercial hollow-ware and plate 
enamels. The objects of the former are two-fold: (1) 
Artistic; (2) protection from the chemical and me
chanical influences; while the latter are chiefly ap
plied only for protective purposes. Any metal or 
alloy, if coated with a deposit of gold, copper, or iron, 
can be made to receive a coating of enamel; but this 
course is seldom resorted to, for the obvious reason 
of expense. 

In these articles we will confine the subject to the 
large commercial enameling industry, which includes: 
(1) Hollow-ware enameling for domestic use; (2) 
hollow-ware enameling for chemical use; (3) enamel
ing locomotive and other tubes; (4) enameling drain 
and water-pipes; (5) signboard enameling. 

The hollow-ware enameling industry, which at one 
time gave promise of becoming one among the many 
large manufacturing interests of England, has fallen 
short of expectations. This can be readily accounted 
for. England and Englishmen, in their protection of 
"secrets," have long been distinguished by their con
servatism, and in connection with this industry there 
has been no exception. The process was known to a 
few, and strictly guarded, and as profits were satis
factory they were content to go on without change 
and without any efforts to pierce into the prospects 
of the future. Few or no practical -efforts have been 

fect fusing; (3) imperfect pickling of the iron; (4) 
rough usage. With ordinary care a well-enameled 
article has been known to last in daily use for ten or 
twelve years, whereas defective enameling, say, on a 

sign-tablet-which is exempt from rough usage-may 
not have a life exceeding a few months. All enameled 
articles, such as hollow-ware and sign-tablets, first 
receive a coating of a composition chiefly composed 
of glass called "gray," and this is followed bY.a deposit 
of "white," any additional color required being laid 
above the white. In the mixing and depositing of 
these mixtures lie the secrets of successful enamel
ing. The "gray" has to be fused not only on but also 
into the metal at a bright red-almost white-heat, 
and it is obvious that its constituents must be arranged 
and proportioned to expand and contract in a some
what uniform manner with the iron itself. The "white" 
has to be fused on the surface of the gray, but the 
gray being ITmch harder, is not affected by the second 
firing. If it was liquefied it would become mixed with 
the white and destroy its purity. Frequently, owing 
to inferior chemicals, imperfect mixing or fusing, a 
second coating of white i s  necessary, in order to pro
duce a surface of the necessary purity and luster. The 
difficulties of enameling are thus easily understood. 
Unless the metals and chemicals are so arranged and 
manipulated that their capacities of expansion and 
contraction are approximately the same, inferior work 
will be produced. Oxide of iron on the surface of the 
plates, inferior chemicals, incorrect mixings, insuffi
cient or over-heating in the process of fusing, prevent 
that chemical combination which is essential to suc
cessful enameling. The coatings will be laid on and 
not combined, with the result that there will be ine
qualities in expansion and contraction which will cause 
the enamel to chip off immediately if submitted to 
anything approaching rough usage, and in a very short 
time if submitted to chemical or ordinary atmospheric 
conditions. 

In England the enameling industry is now chiefly 
confined to the manufacture of sign tablets, which is 
the simplest form to which this important art is 
adapted. Sign-tablet enameling is, however, kept as 

GROSVENOR BRIDGE, CHESTER, ENGLAND-SPAN, 200 ]'EET. 

Among the large one-span bridges it may be of gen
eral interest to mention the following: Over the River 
Pruth' in Galicia extends the Jarameze railway viaduct 
on the line of the Austrian Stanislau-Woronienka Rail
road. This has a single arch of 21 3 % feet, with a rise 
of 58 feet. It is built of sandstone, and is said to 
have cost only $40,000, on account of the low price 
of labor and the abundance of stone and timber in the 
vicinity. The Lavaur Bridge, in France, on the Lim
oges and Brives Railway, with a single span of 201 % 
feet. The celebrated Grosvenor Bridge over the Dee at 
Chester, England, with a span of 200 feet, and the 
Ballochmyle Viaduct on the Glasgow and Southwestern 
Railroad, with a span of 180 feet. 

ENAMELIN G.-I. 

E:\,AMELTNG is an art which may claim the respect 
due to antiquity, although the year, or even tlie cen
tury, when it was first introduced is unknown. The 
place of its origin has never been clearly ascertained, 
but one thing is certain, and that is that it belongs to 
the East. Japan claims the honor, but from the his
tory of China-the pioneer of so many arts in h�T 
early days of progressive industry-one is led to con
clude that the Celestial Empire has a more authentic 
basis on which to assert her pretensions to its prac
tical introduction. The specimens of enameled ware 
which are kept in museums as relics of the industry 
in bygone ages, show an excellence which cannot be 
surpassed at the present time. The colors are varied, 
but limited to the primaries and secondaries, gen
erally applied to copper, and held in position by flat 
copper wire. This wire is arranged in the form of the 
design, and the interstices filled up by the various 
enamels. It would be out of place in these columns 
to write a history of the development of the enamel 
industry. as this series of articles is to be confined to 
the practical part of the industry, which, at the pres
ent moment, constitutes a monopoly held by a few 
firms in England and on the Continent. The secrets 
of the industry have been most jealously guarded, the 
iJest proof of which is that no t<,chnical institution 
programme includes its name, and textbooks descriptive 

made to develop the systems of manufacture in use, 
and that great incentive to invention and develop
ment-viz., competition-was entirely absent. Every
one can realize what England's trade would have been 
without competition. without scientific

'
anll. technical 

education, and yet these are the fates whiclthave 
fallen upon the manufacture of enamels. In Germany 
and Austria things have been managed differently. 
In these countries comparatively small premiums can 
induce manufacturers to take in intelligent appren
tices, who, at the expiration of their articles, are 
bound to work for some years longer in return for 
the advantages they have received. Theoretical in
struction, and to some extent practical experimental 
work, are to be found in a few of the technical insti
tutes, and to this arrangement we can trace the 
decadence of hollow-ware enameling in England and 
its enormous llevelopment in the two countries named. 
It must not be supposed that continental enameling is 
superior to that of English in quality; if there is any 
difference it is in favor of England, but so many 
improvements in the mixings and in the process of 
the manufacture have been introduced by our neigh
bors, that they are in a position to undersell us by 
not less than 25 per cent. Of course a lower wages 
bill contributes its assistance toward this end; but if 
we put this down at 10 per cent, the balance of 15 per 
cent is a monument of our national carelessness. 

In no part of Continental Europe is English hollow
ware to be found, in our colonies the same fact exists. 
If we take India as an example, we find the annual 
imports of that country amount to over twenty lakhs 
of rupees; yearly the imports are increasing, and in 
a short time will be more than doubled . .  Austrian 
works, financed by German capital. supply nearly the 
whole of this, and they claim that competition is 
impossible. All this. goes to prove how indifferent 
our manufacturers have been to the improvement of 
an industry which might have found profitable em
ployment for a large amount of capital and for a great 
number of the unemployed of our workpeople. 

There is one defect to which all enamel ware is 
subject, and that is chipping. This may be caused 
by (1) imperfect mixing of the enamels; (2) imper-
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great a secret as any other type, and many concerns 
which have sprung up from time to time have come 
to grief from want of the necessary knowledge or 
experience to produce satisfactory work. This branch 
of .the industry is divided up as follows: (1) Setting 
the 'plates: (2) scaling and pickling the plates; (3) 
mixing the enamel constituents; (4) melting the enamel 
constituents; (5) grinding the enamel constituents; 
( 6) applying the enamel; (7) drying the enamel coat
ings; (8) fusing the enamel on the articles; (9) let
tering-including al·phabetical and other drawing, 
spacing, and artistic art in arrangement; (10) stencil 
cutting on paper and stencil metal; (11) brushing; 
(12) refusing. In English manufactories distinctive 
branches of this work have distinctive experts, the 
arrangement being generally as follows: Nos. 1 and 2 
may or may not be combined; Nos. 3 and 5 may or 
may not be combined; Nos. 4, 7, 8, and 12 generally 
combined; NO. 6 generally the work of girls; Nos. 9 
and 10 generally combined; No. 11 generally the work 
of girls and boys. The twelve processes, therefore, 
require six classes of trained workpeople, and incom
petence or carelessness at any section can only result 
in imperfect plates or "wasters." 

A brief superficial description of these processes will 
enable the r�ader to follow the more detailed and 
technical description to follow, and is, therefore, not 
out of place. Ordinary iron sheets will do for the 
manufacture of sign tablets; but a specially prepared 
charcoal plate can be had at a slightly increased price. 
The latter type is the best, for in many cases the 
scaling and pickling may, to a certain extent, be dis· 
pensed with. To make this article, however, as com
plete as possible, we shall begin from the lowest rung 
of the manufacturing ladder-i, e., from the first steps 
in the working of Lowmoor, Belgian, or other suitable 
iron. 

I. SETTING. 

The plates may be received in sheets, and cut to the 
required size at the enameling factory. or, what IS 

more general, received in sizes according to specifi· 
cation. The former are more liahle to have huckle<l 
slightly, become dented or otherwise out of truth, anet 
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have to be restored to a smooth and uniform surface 
by hammering on a flat plate. The operation seems 
simple. but an inexperienced operator may entirely 
fail to produce the desired result, and, if he does 
succeed, it is with the expenditure of a great amount 
of time. An expert setter with comparatively few and 
well-directed strol,es brings an imperfect plate into 
truth and in readiness for the next operation. 

II. SCALIXC AND PICKLING. 

The annealing of the sheets in special furnaces 
loosens the scale, which can then be easily removed, 
after which immersion for some time in diluted sul
phuric or muriatic acid thoroughly cleans the plate. 
Firing to a red heat follows, and then a generous 
course of scrubbing. and the last traces of acid are 
removed by dipping in boiling soda solution. Scour
ing with sand and washing in clean water may follow, 
and the metal has then a perfect and chemically clean 
surface. 

III. lIfIXIXG THE EN A;\fEL CONSTITUENTS. 

(a) Ground, foundation, or gray.-All articles, 
whether hollow-ware or plates, are operated upon in 
a very similar manner. Both require the foundation 
eoating generally called "gray." The gray consti
tuents vary considerably in different manufactures; 
but as regards the use of lead, it is universally con
ceded that while it may in many instances be used 
with advantage in the enameling of sign tablets, etc. , 
it should under no circumstances be introduced into 
the coating of articles for culinary purposes, or in 
which acids are to be used. The first successful com· 
mercial system of enameling was only introduced into 
England fifty years ago-1850-and the composition 
of this covering was: Cullet (broken glass), car
bonate of soda, and boracic acid. This composition 
remained constant for many years, but ultimately 
gave place to the following: Cullet, red lead, borax, 
niter. The borax and red lead form the fluxes, while 
the niter is to "purify" the mass. Some of the later 
mixings consist of the following: Silica powder, crys
tallized or calcium borax, white lead, fused together. 
This would be called a frit, and with it should be 
pulverized powdered silica, clay, magnesia. This 
recipe is one requiring a very high temperature for 
fusing: Silica powder, borax, fused and ground with 
silica, clay, magnesia. This requires a slightly lower 
temperature: Frit of silica powder, borax, feldspar, 
fused together, and then ground with clay, feldspar, 
and magnesia. 

The approximate quantities of each constituent will 
be given in another article, but it must always be 
remembered that no hard-and-fast line can be laid 
down. Chemicals vary in purity, the furnaces vary 
in temperature, the pounding, grinding, and mixing 
are not always done alike, and each of these exert a 
certain influence on the character of the "melt." These 
compositions may be applied to the metal either in 
the form of a powder or of a liquid. Some few years 
ago the powder coating was in general use, but at the 
present time the liquid form is in favor, as it is con
sidered easier of application, capable of giving a 
coating more uniform in thickness and less costly. In 
using the powder coating the plate is rubbed with a 
cloth dipped in a gum solution, and the powder then 
carefully dusted through a sieve over the surface. In 
this condition the plate is submitted to the fusing 
process. In using the liquid material the plate sur
face is dipped into or has the liquid mixing carefully 
poured over it, any surplus being drained off, and 
any parts which are not to be coated being wiped 
clean by a cloth. The coating is then dried in suit
able stoves, after which it is ready for fusing on to 
the iron. The gray coating should be fairly uniform 
and smooth, free from holes or blisters, and thor
oughly covering every part of the iron which is to bp. 
subjected to any outside influence. Cooling slowly 
is important. Rapid cooling frequently causes chip
ping of the coating, and in any case it will greatly re
duce the tenacity of the connection existing between the 
glaze and the metal. 

Generally the next surface is a white one, and it 
depends upon the class of article, the character of 
the enamels, and the efficiency of application, whether 
one coat or two will be required. Roughly speaking, 
the coating is composed of a glass to which is added 
oxide of tin, oxide of lead, or some other suitable 
opaque white chemical. The mixture must be so 
constituted as to fuse at a lower temperature than 
the foundation covering. If its temperature of fusion 
were the same the result would be that the gray would 
melt on the iron and become incorporated with the 
white, thus loosening the attachment of the mass to 
the iron and also destroying the purity of the white 
itself. Bone ash is sometimes used, as it becomes 
uniformly distributed throughout the melt, and re
mains in suspension instead of settling. Bone ash 
and oxide of lead are, however, in much less demand 
than oxide of tin. The lead is especially falling into 
disfavor, for the following reasons: First, it requires 
special and laborious treatment; secondly, it· gives a 
yellowish-white color; thirdly, it cannot resist the 
action of acids. The following is a recipe which was 
in very general use for some years: Glass (cullet), 
powdered flint, lead, soda (crystals), niter, arsenic. 
Another consists of the following: Borax, glass, silica 
powder, oxide of tin, niter, soda, magnesia, clay. 
These are fused together, and when being ground a 
mixture of Nos. 1, 3, 7, and boracic acid is added. 

Enamel mixings containing glass or china are now 
generally in use, although for several years the ex
perience of manufacturers using glass was not satis
factory. Improved compositions and working now 
make this constituent a most useful, and, in fact, an 
almost essential element. The glass should be wlrite 
broken glass, and as uniform in character as possible, 
as colored glass would impart a tinge of its own color 
to the mixing. 

The following are two distinct glazes which do 
not contain glass or porcelain: Feldspar, oxide of tin, 
niter, soda. This is free from any poisonous body 
and requires no additions: Silica powder, oxide of 
tin, borax, soda, niter, carbonate of ammonia, or 
magnesia. 

Alkalies.-Of the alkalies which are necessary to 
produce complete fusion of and corubination with the 

quartz, soda is chiefly applied in enamel manufactures, 
as the fusing temperature is then lower. 

Bone ash.-This material will not add opacity, but 
only semi-transparency to the enamel, and is there
fore not much used. 

Boracic acid.-Boracic acid is sometimes substituted 
for silicic acid, but generally about 15 per cent of the 
former to 85 per cent of the latter is added. Borax 
as a flux is, however, much easier to use, and is there
fore largely used in enamel factories. 

Borax.-Calcined boax, that is, borax from which a 
large proportion of the natural moisture has been 
eliminated, is best for enamel purposes. It is a flux 
that melts at medium heat, and enters into the forma
tion of the vitreous basis. Borax has also the property 
of thoroughly distributing oxide colors in the enamels. 

China.-See porcelain. 
China clay.-See clay. 
Clay.-Only a fairly pure clay can be used in enamel 

mixings, and the varieties of clay available are there
fore limited. The two best are pipe-or white-clay 
and china clay-kaolin. The latter is purer than the 
former, and in addition to acting as a flux, it is used 
to increase the viscosity of mixings, and therefore 
the opacity. It is used in much the same way as oxide 
of tin. 

Cryolite.-Ground cryolite is a white mineral, easily 
fusible, and sometimes used in enamel mixings. It is 
closely associated with aluminium. 

Cullet.-This is the general material used as a basis. 
Clear glass only should be introduced; and as the 
compositions of glass vary greatly, small experimental 
frits should always be made to arrive at the correct 
quantity to be added. 

Decolorant materials.-See niter, red lead, and man
ganese. 

Feldspar.-The introduction of feldspar into an 
enamel frit increases consistency. The common white 
variety is generally used, and its preliminary treat
ment by pounding is similar to that adopted with 
quartz. 

Flint.-See silicic acid. 
Fluor-spar.-In this mineral we have another flux, 

which fuses at a red heat. 
Fluxes.-These are for the purpose of regulating the 

temperature of fusion of a mixing-frit-some being 
better adapted for this purpose than others. This, 
however, is not the only consideration, for the charac
ter of the flux depends upon the composition or chemi
cal changes to which the ingredients are to be sub
jected. The fluxes are borax, clays, cullet, porcelain, 
feldspar, gypsum, and fluor-spar. 

Glass.-Glass is composed of lime, silicic acid, and 
soda or potash. The use of the glass is to form the 
hard, crystal-like foundation. See cullet. 

Gypsum.-This mineral is sometimes used in con
junction with baryta and fluor-spar. 

Kaolin.-See clay. 
Lead.-Crystallized carbonate of lead, or "lead 

white," is frequently used in enamels when a low 
temperature for fusion is required. It should never be 
used on articles to be submitted to chemical action, or 
for culinary use. Minium is a specially-prepared oxide 
of lead, and suitable for enameling purposes, but is 
expensive. 

Lime is in the form of carbonate of calcium when 
used. 

Magnesia, carbonate of, is only used in small quan
tities in enamel mixings. It necessitates a higher 
temperature for fusion, but does not affect the color 
to the slightest extent if pure. 

Manganese.-As a decolorant, this mineral is very 
powerful, and therefore only small quantities must 
be used. Purity of the mineral is essential-i. e., it 
should contain from 95 to 98 per cent of binoxide of 
manganese. 

Niter.-At a certain temperature niter shows a 
chemical change, which, when affected by some of the 
other constituents, assists in the formation of the 
vitreous base. 

Opacity.-See ()xide of tin, bone ash. 
Oxide of calcium.-See lime. 
Oxide of lead.-See lead. 
Oxide of tin.-All enamels must contain white in

gredients to produce opacity, and the most generally 
used is oxide of tin. By itself it cannot be fused, but 
with proper manipulation it becomes diffused through
out the enamel mass. On the quantity added depends 
the denseness or degree of opacity imparted to the 
enamel. 

Porcelain.-Broken uncolored porcelain is sometimes 
used in enamel manufacture. Its composition: Quartz, 
china clay, and feldspar. It increases viscosity. 

Quartz.-See silicic acid. 
Rock crystal.-See silicic acid. 
Red lead.-This discolorant-sometimes .called puri

fier. It will, however, illterfere with certain coloring 
media, and when .this is the case its use should at 
once be diseontinued. 

Silicic acid.-'-Quartz, sand, rock crystal, and flint 
stone, are all forms of this acid in crystallized form. 
By itself it is practically infusible, but it can be incor
porated with other materials to form mixings requir
ing varying temperatures for fusion. 

Soda.-The soda in general use is carbonate of soda 
-58 per cent-or enameling soda. The latter is spe
cially prepared, so as to free it almost entirely from 
iron, and admit of the production of a pure white 
enamel when such is required. See also alkalies. 

NOVEL POWER STORAGE. 

A=" interesting little story was told some time ago 
of some one in the practically waterleRs parts of West
ern America, where there is barely �uffident water for 
drinking purposes, who proposed to drive, or was 
actually driving, a number of arrastras by sand, the 
latter turning a large overshot wheel, taking t he place 
of water. The intention was at first to run the arras· 
tras by means of a large windmill, but the uncertainty 
of this power finally led to the adoption of the plan 
mentioned. A windmill still was to form part of the 
scheme, but it was to run a conveyer to carry tbe 
sand up to a large elevated tank. From this the sand 
was to be eventually allowed to run out UPOll the (lver
phot wheel, causing it to revolve just as it woul!] under 
the weight of a stream of water, and the sand tank had 
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sufficient storage capacity to i"�h2 cOl'.tim-.ous run
ning of the plant. There the tale ended, though a few 
more particulars of tht right kind woul(1 :l:lVe given 

it a more likely coloring.-Cassier's Mag".zj ';e. 

GENERAL SPECIFICATIONS FOR A GASOLINE 
MOTOR CAR. 

By H. 'W AIm LEON AnD, Bronxville, N. Y. 

1. THE relation between the horse power of the motor 
and the weight of the car with tanks full shall be such 
that there will be not more than 200 pounds weight 
per brake horse power of the motor. 

2. The motor shall be placed forward in such a 
manner that its weight will be carried upon springs 
over the front axle; exposed to good air circulation; 
free from dust and mud; readily accessible; and so 
that any vibration due to the motor will not be objec
tionably felt by the passengers. 

3. There shall be a spring-actuated cone friction
clutch between the motor and the driving mechanism 
which can be opened by a pedal, so as to quickly dis
connect the motor in the most simple and positive 
manner whenever this is desirable, and so that the 
power must be applied in a gradual manner to acceler
ate the car without detrimental shocks or strains. This 
cone friction-clutch shall be so placed as to be readily 
inspected and shall be provided with simple means for 
quickly adjusting the tension of the spring which 
forces the frictional surfaces into contact. 

4. There shall be a pedal-operated foot-brake suf
ficiently powerful to readily hold the loaded car upon 
a 20 per cent grade either ascending or descending. 
This brake shall be so arranged that it will cause the 
friction-clutch to be opened before the foot-brake is 
applied. This foot-brake shall be applied upon the 
main driving shaft between the motor and the dif· 
ferential so as to avoid all tendency to skidding. This 
foot-brake shall be metal upon metal and shall be 
readily and promptly adjustable. 

5. There shall be a very powerful hand-operated 
brake which will simultaneously apply two band-brakes 
npon the hubs of the back wheels. These band-brakes 
shall be readily and positively adjustable, so that they 
can be adjusted to act exactly alike and thus avoid all 
tendency to skidding when this powerful brake is sud
dcmly applied. This brake shall be made so that the 
operator's hand can be removed after the brake is 
applied without releasing the brake, thus making it 
possible to apply a strong brake and yet have the 
operator's hands free for other purposes. This brake 
shall be so placed that in applying it the operator 
does not have to move his body and thereby disturb his 
steering while he is applying the brake. 

6. There shall be three principal forward speeds 
and one reverse speed. The reverse speed shall have 
a much greater reduction than any forward speed so 
as to reduce the risk due to backing the car in a bad 
place. All three forward speeds shall be controlled by 
a single lever which shall be mounted upon the steer- . 
ing column, so that the variable gear can be quickly 
and readily operated without affecting the steering. 
When the high-speed gear is in use there shall be no 
gear wheels of the variable speed gear in' motion so 
that tho noise. wear and loss of power due to the use 
of gears shall be avoided during all usual operation of 
the car upon the level and upon moderate grades. The 
low-speed gear shall give a reduction sufficient to en
able the car carrying its operator to readily ascend 
a grade of 20 per cent upon a good macadam road. 
Under such conditions the friction-clutch shall not heat 
due to slipping. 

7. The steering shall be by means of an inclined 
wheel with a sufficient reduction to be irreverSible in 
ordinary operation. There shall be no lost motion in 
tbe steering mechanism. The steering mechanism 
shall be wholly above the level of the bottom of the 
axle so as to be as well protected as possible from 
being struck by obstacles in the road. All levers anti 
joints in the steering mechanism shall be so placed 
as to be always in plain view and readily accessible, 
so that any defect in the steering mechanism will be 
immediately apparent. The steering mechanism shall 
be so deSigned that the car can be turned in a 22-foot 
circle, thus making it possible to turn the car in any 
ordinary road without using the reverse gear. 

8. In order to secure the greatest stability the height 
of the operator's seat above the road shall not exceed 
42 inches. The length of wheel base for all cars 
capable of making thirty miles per hour shall not be 
less than 62 inches. The gage of the wheels shall not 
be less than 46 inches. 

9 .  For all cars weighing over 800 pounds (with tanks 
full) the tires shall be at least 3 inches in diameter. 

10 . A pump shall be placed so as to be readily 
manipulated by the operator while the car is in motion 
and which will enable the operator to positively oil the 
engine cylinder while driving the car at full speed. 

11. The motor, variable gear and transmission mech
anism shall be so inclosed as not to be affected by mud, 
dust or water and shall be run in a bath of oil. 

12. The gasoline tank, water tank, etc., shall have 
capacity to operate the car for 125 miles without a stop 
upon good roads of moderate grades. 

13. The water circulation shall be sufficiently efficient 
so that the car can be operated at full speed upon the 
lowest gear for 30 minutes without the water boiling, 
the water being at normal temperature at the beginning 
of the test. 

14. The gasoline tank shall be placed in plain view 
in a readily accessible position so that any leak will 
be immediately detected. 

15. The car shall be capable of making a maximum 
speed of thirty miles per hour on a good level road, 
a speed of thirteen miles per hour up a 6 per cent grade 
and a speed of six miles per hour up a 15 per cent 
grade. 

16. The lever for manipulating the variable-speed 
gear shall be so arranged that it is impossible to man
ipulate the variable-speed mechanism except while the 
friction-clutch is open, thus making the manipulation 
of the variable speed gear entirely "fool-proof" and also 
making it impossible to suddenly apply the momentum 
of the motor to the car, it being always necessarv to 
apply the power through the friction-clutch in 8 �rad
ual manner, thus protecting all mechanism from 
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